Een aanhoudend probleem in de efficiëntie literatuur is het feit dat we de X-efficiëntie van bedrijven alleen dan kunnen vergelijken, wanneer we veronderstellen dat die bedrijven onder één efficiënte grens (frontier) opereren. In dit onderzoek introduceren we zogeheten metafrontiers om dit probleem op te lossen. Specifiek bouwen we voort op recent onderzoek door Battese et al. (2002) in het creëren van een envelop voor regionale frontiers. Eerst schatten we landspecifieke frontiers, alsmede een algemene frontier. Vervolgens, gebruiken we een envelop methode die resulteert in een metafrontier. Wanneer we deze methode toepassen op een data set met meer dan 5000 observaties van grote commerciële banken in 8 Europese bankenmarkten gedurende de periode 1993-2000, kunnen we middels onze metafrontier toetsen of er werkelijk sprake is van één homogene Europese bankenmarkt. Onze empirische resultaten wijzen uit dat traditionele efficiëntie schattingen zowel kosten X-efficiëntie als winst X-efficiëntie onderschatten en daarmee tot vertekende landenvergelijkingen leiden.
Introduction
The past decades have witnessed a string of regulatory changes, mergers and technological advances that together have re-shaped Europe's banking markets. In the European Union, the First Banking Coordination Directive (1977) , the EU White Paper (1985) and the Second Banking Coordination Directive (1988) finally built to a climax with the establishment of the Single Market for Financial Services on January 1, 1993.
As a result, in the remainder of the 1990s, we observe European banking markets that are radically different from what was common in the past. Equally important, however, these banking markets were in principle and de jure more homogenous than ever. All conditions had been set for the effective creation, existence and benefits of a single European banking market. But looking back, Berger et al. (2002) observe that despite the enormous potential, the immediate effect of all the above-described initiatives has been limited to an increase in the consolidation of banks and banking markets at the local level. The number of cross-border merger, for example has been very limited.
Taken together, this raises the question how comparable Europe's major banking markets are. In this paper, we attempt to answer this question by analysing the differences in efficiency between commercial banks in 8 large European countries. As stated by Molyneux et al. (1997) efficiency is one of the crucial "elements that impact on the effects of the single financial market place" (p. 9). Berger et al.(1993) and Berger and Humphrey (1991) state that scale and scope inefficiencies in banking amount to approximately 5 percent. They are considered less important than X-inefficiencies, which account for roughly 20-25 percent. A recent study carried out for the European Commission by Economic Research Ltd. (1997) finds similar results. We therefore focus on X-inefficiency, also because it is conceptually appealing: in estimating X-inefficiency we allow banks to react to price changes, and we allow for and measure sub-optimal behavior. We therefore evaluate cost and profit X-inefficiency across all major European banking markets for the period 1993-2000. 3 In focusing on X-inefficiency, we redress an imbalance in the established efficiency literature. This imbalance is caused by the fact that prior studies compare X-inefficiencies assuming that banks operate under a single frontier technology. However, many researchers note that the assumption of a single frontier is an unsettled issue in the efficiency literature (Dietsch and LozanoVivas (2000) , Chaffai et al. (2001) ; Lozano-Vivas et al. (2001); Bikker, (2002) ). In this paper, we estimate comparable efficiency scores for banks in different countries, possibly operating with different technologies and hence under dif-ferent frontiers. 4 To this purpose, we use a meta-frontier model that allows us to calculate efficiency scores and technological gaps for EU banks. This way, we can compare efficiency scores across countries with different frontiers and measure the degree of homogeneity of Europe's largest banking markets by assessing their distance to a common, Europe-wide meta-frontier.
In the next section, we present a brief review of existing literature that compares efficiency across European banks. Then, in our methodology section we introduce a standard stochastic frontier profit and cost model, respectively. We subsequently derive a meta-frontier for each of these models. Next, we describe our data and introduce the variables we use for our analysis. What follows is a description of our empirical results. We start by describing our overall results. Then, we compare country-specific frontiers and briefly discuss the country-by-country results. In the final section, we conclude and draw a preliminary research agenda.
Literature
To our knowledge, no paper exists that applies meta-frontiers to banking. In this section, we therefore present a brief, non-exhaustive overview of some of the work that has been done on comparing the X-efficiency of banks.
Banking efficiency literature in the U.S. has a long tradition and cumulated to a substantial number of studies with different methodologies, scope, and results, e.g. Berger and Humphrey (1997) , and Berger et al. (1999) . Berger and Humphrey (1991) and Berger and Mester (1997) established in the literature the consensus that U.S. banks could improve their cost and profit efficiency more by reducing frontier inefficiencies than by reaching some optimal level of scale and scope economies to minimize average costs and to maximize profits. A number of other studies emphasize conceptual issues (Lovell, 1993) or introduced risk variables, e.g. Berg et al. (1992) , McAllister and McManus (1993) , Mester (1996) , Berger and DeYoung (1997) . These studies have in common that they are mainly based on the U.S. market and analyze efficiency of banks that compete at the national level in the same market. Other studies in this category established that foreign-owned banks are relatively less efficient as domestic-owned owned banks (Hasan and Hunter (1996) ; Mahajan et al. (1996); DeYoung and Nolle (1996); Chang et al. (1998); Peek et al., (1999) ).
Although efficiency studies have become popular at the national market level, only a very limited number of cross-country comparative studies can be detected (Berg et al. (1993); Fecher and Pestieau (1993) ; Vander Vennet (1994) ; Bergendahl (1995) ; Berg et al. (1995) ; Allen and Rai (1996) ; Ruthenberg and Elias (1996) ; Pastor et al. (1997 ), Vander Vennet (1999 ). Most of the crosscountry frontier studies focus on the European market. The efficiency results for European banks differ between studies depending on the estimation technique, sample size, input and output specifications, and period. Despite their differences, some tentative results are noteworthy. Roughly in line with the experiences in the U.S., most studies suggest that average cost efficiency for European banking industries ranges from 70 percent to 80 percent while profit efficiency levels are found to be lower, at around 50 -60 percent. Pastor et al. (1997) conclude that the banking industry in France, Spain, and Spain is more efficient compared with the banking experiences from Germany, U.K., and Austria. Another study by Sheldon (1999) uses unconsolidated data for 1,783 commercial and savings banks in the EU, Norway, and Switzerland for the period 1993-1997. He uses Data envelopment analysis (DEA) to examine cost and profit efficiency and finds that large banks, specialized banks, and retail banks are more cost and profit efficient than small banks, diversified banks, and wholesale banks, respectively. Average frontier efficiency is fairly low, at about 45 percent for costs and 65 percent for profit. Banks in Denmark, France, Luxembourg, and Sweden have the highest average efficiency, and banks in Greece, Italy, Portugal, Spain, and U.K. have the lowest average efficiency. Other recent studies have advanced the research on bank efficiency by applying alternative frontier methodologies to estimate scale economies and, X-inefficiencies, and technical change (Molyneux et al. (1997) ; Altunbas et al. (2001) ).
Overall, in this literature an efficiency frontier is usually applied assuming that banks across different countries have the equal access to the same banking technology. However, when the frontier is applied to each sample country and the performance of each individual banking institutions is compared against the best-practice bank in that country, efficiency results cannot be compared across borders. Recent research initiatives attempt to avoid the bias inherent in cross-border bank efficiency comparisons by incorporating countryspecific environmental conditions (Dietsch and Lozano-Vivas (2000) ; Chaffai et al. (2001); Lozano-Vivas et al. (2001); Sathye (2002) ; Grigorian and Manole (2002); Lozano-Vivas et al. (2002) ). For example, Dietsch and Lozano-Vivas (2000) emphasize that the assumption of a common frontier could yield misleading efficiency results of firms from different countries as such approaches do not control for cross-country differences in regulatory, demographic, and economic conditions that are beyond a firm's control. As a result, the authors find that efficiency scores based on the common frontier model tend to be low (high) for firms that operate under bad (good) home country conditions. Similarly, Lozano-Vivas et al. (2001) simulate the performance for each of the banking market if average banks decide to operate in any other country. In some cases, it is shown that banks seem to be more suitable to perform well if they decide to operate in another country.
These initiatives, as mentioned earlier, do not settle adequately the issue of cross-border efficiency comparisons of banks having access to different types and standards of technologies in different countries. This paper attempts to add to the established literature by estimating 'truly' comparable efficiencies across countries using a meta-frontier model to account for different underlying technologies in the EU banking industry. We next turn to further details of the methodology.
Methodology

Benchmarking
Efficiency benchmarking models in general, and stochastic frontier models in particular, rely on an often implicit set of assumptions when used to assess and compare firm-specific efficiency. We briefly discuss a number of these assumptions and the implications they have for a stochastic frontier analysis (SFA) of banking markets. First, there is often the general assumption that firms included in a sample compete in some way. Of course, this assumption is by no means a conditio sine qua non for estimating a stochastic frontier model for a specific sample. But it becomes important when we wish to assess the ex ante and ex post relevance of the results from the SFA. A classic way to test this assumption would be to look at cross-price elasticity of demand. For banks, this is notoriously difficult. We tend to not know many prices that banks charge: bank-specific interest rates, for example, are almost always proxied for. And we tend to not agree what comprises the prices that banks charge: should we for example include service charges on a loan, or just the interest rate?
A second, related assumption refers to the definition of the market these firms operate on. Are the products offered by the firms in the sample completely homogenous? Or are firms offering close substitutes also included?
5 Thirdly, once there is agreement on the degree of homogeneity of the outputs, we have to agree on the total production set. Depending on the degree of specialization, not all firms in the sample may use the same inputs and outputs. Bearing in mind that most models cannot handle zero inputs or outputs, this generally involves limiting the sample to those firms that make use of the full gamma of inputs and outputs defined by the production set . A fourth and related assumption then concerns the functional form of the 5 Think in this respect for example of a cost model where some of the outputs are considered substitutes. If an output is produced by some firms in the sample, and not by others, then no logarithmic model can be estimated for the whole sample (bearing in mind that there is no neutral transformation for this logarithmic model). production function. Upon applying duality, the same holds for a cost or profit model. Not all firms may use the same production techniques. Depending on the degree of specialization of the firm and the role of its environment, firms may have different transformation function and a larger or smaller opportunity set -even if they have the same production set. Thus, we are faced with the paradoxical situation that in order to benchmark the differences in efficiency of firms in our sample, we have to assume that these firms operate under the same frontier. This observation may seem trivial, but it is far less so when we keep in mind that in most benchmarking exercises we are most interested in those firms that are furthest removed from the frontier. But especially those firms may not be operating under the same frontier. It is this problem that we focus on in this paper.
A Stochastic Frontier Model
Stochastic frontier models are a particular class of benchmarking models. As with most benchmarking models, SFA yields firm-specific estimates that are comparable. More precisely, it yield firm-specific efficiency estimates drawn from the same distribution, with the same transformation function T and the same pricing opportunity set H.
6 When we do not consider a production model but instead estimate a cost and/or profit model we rely on duality, but implicitly still require that are our efficiency estimates result from the same input-demand and output-supply functions.
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For a profit model, we define profit as Π i , output prices as P i , and outputs as Y i . Let W i be input prices and X i be inputs.
8 Also, we include control variables Z i . The maximization problem then becomes:
We write the Lagrangian system as:
Next, we solve simultaneously for P i and X i :
6 See Coelli (chapter 3, 1998 Substitution into equation (1) gives:
Hence, the optimal, efficient profit level is a function of the number of outputs, input prices, and the control variable Z i . For the cost model, we use the same setup, except for the imperfections on the output side. All inputs are variable inputs, and factor prices W i are exogenous.
In estimating our models, we choose a translog functional form with three inputs and three outputs. This form has been proven to allow for the necessary flexibility when estimating the frontier function. 9 We allow for the impact of technological change on efficiency, by including a linear and quadratic trend term as well as trend interaction terms in our most general specification.
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In a 3-input, 3-output setting the profit frontier model for bank k in period t is then represented as:
where the endogenous variable pbt kt is defined as the logarithm of profit before taxes (PBT) of bank k in period t.
The variable w ikt represents the logarithm of the input price (
Finally, z kt is the logarithm of a control variable Z for bank k in period t. T and T 2 are the linear and quadratic trend term respectively. In the above specification, υ and ν are the inefficiency 9 Stochastic frontier models go back to Färe and Lovell (1978) , Greene (1980), Jondrow et al. (1982) , and more recently Battese and Coelli (1988) . In applied work, Berger and Mester (1997) have compared the translog to the alternative Fourier Flexible Form. Despite the latter's added flexibility, the difference in results between both methods appears to be negligible. Moreover, Swank (1996) finds supportive evidence for stability of the multiproduct translog model for a comparable data set concerning the Dutch banking industry. 10 Technological change has been identified as one of the driving forces of efficiency, for example by Lang (1996) and Altunbas et al. (1999) . and random error terms, respectively, while
and h i are parameters.
The random error term ν kt is assumed i.i.d. with ν kt ∼N(0, σ 2 ν ) and independent of the explanatory variables (see Aigner and Schmidt, 1977 and Coelli et al.,1998) . The inefficiency term υ kt is i.i.d. with υ k ∼ |N(µ, σ 2 υ )| and it is independent of ν kt . It is drawn from a non-negative distribution truncated at µ instead of zero. For the profit model, let ε kt = ν kt − υ kt . A firm specific cost efficiency estimate P E kt of bank k at time t is given by the mean of the conditional distribution of -υ kt given ε kt , or:
This measure takes on a value between 0 and 1. The closer a bank's profits conditional on its output, input prices and equity level are to the profits a fully efficient bank would incur under the same conditions, the closer P E kt will be to unity. For the cost model, ε kt = ν kt + υ kt . The firm specific cost efficiency CE kt is defined as the mean of the conditional distribution of υ kt given ε kt , or:
Again, this measure takes on a value between 0 and 1, where 1 indicates a fully efficient bank. The frontier functions are estimated through maximum likelihood methods. In the estimation, the terms σ 2 υ and σ 2 ν are reparameterized by σ 2 = σ 2 υ + σ 2 ν and λ = σ υ /σ ν . If the parameter λ is close to zero, little structural inefficiency exists and standard OLS estimation may be appropriate. Extremely large parameter values of λ suggest that the frontier is deterministic.
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Duality requires the imposition of symmetry and linear homogeneity in input prices to estimate our cost and profit models (see Beattie and Taylor 1985; and Lang and Welzel 1999): 11 When estimating our stochastic frontier models, we begin by checking the skew in the residuals of the OLS estimation. Waldman (1982) has shown that, in the case of a negatively skewed profit frontier, the maximum likelihood estimator is OLS. For a cost frontier a positive skew means the MLE stops at the OLS values, σ 2 u = 0 and no cost efficiency can be estimated. Fortunately, this problem did not arise in our analyses. We truncate at µ based on results from the MLE, thus we avoid inducing a high average efficiency by truncating at zero.
Without loss of generality, we impose linear homogeneity in input prices by subtracting the logarithm of the third input price (w 3 ) from both sides of the profit and cost function respectively. 12 Consequently, only the coefficients (a i ) on the remaining two factor price variables are estimated directly. The third one can be inferred from the imposed restriction. 
A Meta-Frontier Model
We started out by examining some of the assumptions on which the profit and cost model we have derived above are based. Now we relax one important assumption. As before, we assume that the banks in our sample are comparable, in that they produce the same outputs using the same inputs (albeit not necessarily in the same proportions). Put differently, we do not assume that the banks in our sample compete, but ensure that they could in principle. We do so by only considering banks with identical productions sets.
14 In addition, we still assume that all K banks in our sample share the same functional form. What we no longer assume is that this functional form captures the same production technology. More precisely, banks can now maximize profits (minimize costs) using different transformation functions T .
Suppose that for a total of K banks, we have separate transformation functions T for N different groups. Our Lagrangian for group n of N then becomes:
And the optimal profits are given by:
12 See Coelli et al. (1998) . 13 To impose constant returns to scale, normalization of the output variables would be required as well.
14 Note again that we do not make any assumptions with respect to the weights of the outputs and inputs in this production set. 15 For ease of notation, we drop the subscript i. So P should now be P i,n and so on.
For our sample of K banks, we are left with N optimality conditions. For
For the sample as a whole, we can express optimal profits as:
We follow Battese et al. (2002) and Battese et al. (2001) and define this metafrontier as "a deterministic parametric function (of specified functional form) such that its values are no smaller than the deterministic components of the stochastic frontier production functions of the different groups involved, for all groups and time periods" (p. 3, Battese et al., 2002) .
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Next, for our translog profit model, we simplify equation (6) for group n:
We can now decompose bank-specific inefficiency for a bank k in group n as follows. We start by rewriting equation (14):
where f o (w i , y i , z) refers to the metafrontier profit function. Then we identify the two components of the inefficiency of bank k in group n. First, we identify bank k's technical efficiency (TE):
Second, we identify bank k's technology gap ratio (TGR):
This ratio measures the profit (cost) function for the n's bank group with respect to the potential profit (cost) that is possible under the metafrontier function, given the observed inputs. Hence, T GR values range between zero and one. Combined this results in bank k's meta efficiency (ME):
Thus, the meta-efficiency scores are the technical efficiencies of each particular bank in different countries corrected by the technological gaps of the banks in a given country relative to the technology available to the industry as a whole.
What is left is an approximation of the meta-frontier f o (w i , y i , z). In finding this meta-frontier, we rely on the data generation mechanisms from each of the N groups. Therefore, the metafrontier is entirely based on the N group frontiers. We therefore solve:
For our translog profit (cost) model, this amounts to finding the set of parame-
ij , e i , f i , g i and h i for which the meta profit frontier is always above (below) the ngroup frontiers. We minimize the squared distance to the frontier, because we want the meta-frontier to envelope tightly around the N group frontiers.
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Summing up, we have now developed a framework with which we can compare the efficiency of banks in n groups, without having to assume that they operate under a single, identical frontier. Before we apply this framework to compare banks operating under 8 country specific frontiers, we first discuss our data and the variables we use to estimate our profit and cost model.
Data
This study comprises bank's balance sheet as well as profit and loss account data of eight European banking industries over the period 1993-2000. The data were compiled from the International Bank Credit Analysis Bankscope Database. As is common in the literature, we consider a sample of commercial banks in each country. In order to estimate separate regional and common frontiers, the sample selection requires us to consider only those countries, for which a sufficient large number of observations is available.
We analyze banks from eight countries, which are at present member states of the European Union, plus Switzerland, where many prominent banking institutions are located. In particular, the country sample includes Belgium, France, Germany, Italy, Netherlands, Spain, Switzerland, and United Kingdom. Our sample focuses on these banking industries, as accurate data for a larger number of countries and for other types of banks are not readily available and often lack comparability. We were forced to drop some of the institutions due to the lack of consistency. Consequently, after excluding all missing and zero observations and carefully checking for outliers, our selected data sample has an uneven number of banks for each year, totaling 5193 commercial banks belonging to eight major European banking markets as follows: 231 Belgian, 1115 French, 1148 German, 660 Italian, 244 Dutch, 406 Spanish, 603 British, and 786 Swiss observations. All currency variables are expressed in US dollars and corrected for inflation. In the literature, the definition of bank inputs and outputs varies across studies and mainly depends on what a researcher pictures a bank to be. This study follows the so-called intermediation approach, which views a bank as an intermediary between depositors and borrowers. Accordingly, bank outputs are defined as loans (Y 1) and investments (Y 2), and off-balance sheet items (Y 3). More precisely, loans comprise commercial and industrial, real estate, consumer, and other outstanding credits. Investments aggregate securities, equity investments, and other investments. Off-balance sheet items refer to credits and other guarantees, which are not reported on the balance sheet. Concerning input prices, the price of labor (W 1) equals the total employee expenses scaled by the total sum of assets. Similarly, the price of financial capital (W 2) is measured as the total interest expenses per unit of total assets, and the price of physical capital (W 3) represents all non-interest operating expenses divided by the sum of assets. Finally, the variable equity/total assets (Z) controls for differences in equity capital risk across banks. In order to estimate profit and cost efficiency scores, we use the total operating cost (T C) and profits before taxes (P BT ) as our depended variables. Table 1 displays the definition, mean, standard deviation, as well as minimum and maximum values of all the inputs, outputs, and dependent variables in our efficiency models on European banks. Overall, the descriptive statistics suggest considerable differences and variation in European banking services.
Results
Overall results
For the purpose of the present study, we are interested in analyzing crosscountry differences in mean efficiency levels of European banking industries and to determine whether they share some common characteristics. First, we attempt to define the efficiency levels of European banks based on a common frontier by pooling the data set of all the banks, as well as on separate country-specific frontiers for each EU banking industry. As a result, we obtain different productive -cost and profit -efficiency estimates for each country frontier of the banking markets. Tables 2 and 3 report the maximum likelihood estimates of the cost and profit translog stochastic frontier models for European banks. The models for the technical efficiency effects were the same for all the eight countries. All parameters associated with these estimates are reasonably consistent with expectations. In most cases, the output and input specifications and other variables turned out to be statistically significant for all country and common frontiers for cost and profit functions respectively.
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Furthermore, it is important for this kind of models that a substantial part of the error term can be attributed to efficiency effects. This finding is supported by a positive and significant λ, the ratio of the variance of inefficiency and the variance of white noise, as is shown in Tables 2 and 3 for the common as well as the separate profit and cost frontiers for the sample EU banking industries. The total variance of the error term, σ, is relatively low. This holds for all of our model estimates. 18 The results are also found to be robust against model variation, different estimation algorithms, and sample countries. However, we also conducted various structural tests for data poolability. These results suggest that the eight country-specific stochastic frontiers for European banks are not the same. This finding supports our view that there may exist non-negligible technical efficiency differences of banks in different regions.
As mentioned before, in the literature regional frontiers are usually estimated to control for different technologies inherent in different markets. However, these approaches do not enable us to adequately compare efficiency levels across countries. On the other hand, common frontier approaches do not incorporate country-specific environmental or technological conditions of the respective countries. In a second step of our analysis, we address the issue of comparing bank efficiencies across countries. In doing so, we estimate metafrontier functions for the European banking industry as outlined in earlier sections. This approach allows us to properly compare technical efficiency levels in a cross-national scenario and to determine potential efficiency differences across regions. Furthermore, it incorporates an analysis of the technological gaps of banks in a particular country, relative to the technology accessible to the industry as a whole.
Values of the profit and cost efficiencies and technological gap ratios (TGR) obtained from the pooled country stochastic frontiers, country-specific frontiers, and metafrontier are calculated for all sample banks in the different EU countries. Key summary statistics of these measures are presented in Tables  4 and 5 , where the metafrontier technical efficiencies are obtained from the linear programming models as pointed out before. Overall, average cost and profit efficiency scores are in line with results from previous bank efficiency studies. Cost efficiency scores seem to be around 80% or higher. In other words, about 15% to 20% of incurred cost can be attributed to lost efficiency relative to "best cost practice" banks in the respective country. Profit efficiency scores are found to be lower, on average around 50%. The results show that UK banks get the highest average profit efficiency scores, approximately 60% depending on the model specification, with Germany and France posting the lowest scores, around 38% and 46%, respectively. Concerning cost efficiency, Belgium banks score highest, while German and French banking industries show lowest cost performance with scores between 80% and 85%.
Comparing frontiers
Comparing the efficiency scores, we find substantial variability in both mean and cost and profit efficiencies between the scores from the common frontier and country-specific frontiers (see Tables 4 and 5 ). For example, for Dutch banks profit efficiency varies between 49.20% and 63.86%, and cost efficiency varies between 84.38% and 91.87%. Overall, the scores resulting from the common or pooled frontier seem to underestimate the cost and profit efficiency levels for the sample countries. As the evidence suggests, the assumption of "one" frontier technology induces a strong bias in cross-country comparisons and may yield misleading results. This view is supported by prior findings in the literature (Bikker (2002); Dietsch and Lozano-Vivas (2000)).
In order to calculate comparable technical efficiency scores for EU banks oper-ating under different technologies and environments, the analysis proceeds by applying the above outlined metafrontier concept. Using mathematical programming techniques, we estimate metafrontiers for the EU banking industry as an overarching function that encompasses the deterministic components of stochastic frontier cost and profit functions for the banks that operate in different environments and that have access to different technologies. On average, the technical efficiencies are found to be between the levels from the common and country-specific frontier functions. For example, Dutch banks reveal profit efficiency scores of 49.20%, 63.86%, and 62.06% arising from the common, country-specific, and metafrontier, respectively. The results also show that UK banks achieved highest mean profit efficiency relative to the metafrontier, i.e. 63.09%, whereas German banks score lowest profit performance. On the cost side, Belgium banks appear to be most efficient relative to the metafrontier, 96.59%.
Concerning the technological gap ratios, it is interesting to note that in all countries, the country-specific frontiers were at least partially tangent to the metafrontier. This is the case when the maximum value of the technological gap ratio equals one in each of the sample countries. As a result, the new metafrontier envelops the country-specific frontiers very closely. The mean values of the technological gap ratios vary among the EU banking industries, at least with respect to profit efficiency. For example, the meta-profit efficiency scores reveal differences of the underlying technology between 2.5% and 5% compared to the country-specific frontiers. Hence, efficiency estimations based on national-specific frontiers do not adequately capture the effect of different underlying technologies in different countries and tend to overestimate the level of efficiency. However, this estimation bias is less pronounced on the cost side.
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In general, the analysis shows that even in a harmonized single European banking market, the observed efficiency levels of banks varies substantially across markets. Additionally, it turns out that EU banking institutions do not always have access to the same benchmark technology. Consequently, these findings confirm the view that different technologies might be crucial and should be taken into account when properly comparing bank efficiency in a cross-border scenario.
Conclusion
In recent years, international financial intermediaries have been experiencing a period of deregulatory changes, technological advancements and policy changes. In European banking markets, these initiatives are most pronounced with respect to the EU single market program and are aimed to foster crossborder competition. Despite the enormous potential, the immediate effect of these initiatives has been limited to increased consolidation of banks and banking markets at the local level . For this reason, it is of topmost interest for policy makers, regulatory and monetary authorities, as well as expert practitioners and researchers, to know more about the true underlying differences or similarities of bank performance and efficiency among countries in order to better adjust to the new environment, to undertake strategic decisions, to benchmark banking institutions performance, and to prepare for increasing competition in domestic as well as cross-border markets. Most previous work on international efficiency banking comparisons usually defines national or common frontiers by pooling all cross-country banks. However, since efficiency measurement is a relative concept these approaches do not settle adequately the issue of efficiency differences among the banking industries across countries. This paper takes a systematic attempt to provide 'truly' comparable efficiency scores for each European banking industry. Although this paper does not fully resolve all concerns about cross-border comparisons, it applies new econometric frontier procedure that directly confronts the potential bias induced by different benchmarks for banks in different countries because all banks may not have potential access to the same banking technology in each country. First, the paper evaluates the efficiency levels of banking industries by estimating country-specific and common cost and profit frontiers. Second, improving on traditional models, this study applies a new frontier methodology. We identify and compute a meta-frontier that is designed to encompass all the components of the country-specific frontiers for the banks that operate under different technologies. Therefore, the meta-frontier approach allows for a fair comparison of different banking systems by benchmarking the nature of the production process for an average bank in each country using the technology that is available to the industry as a whole.
Overall, the empirical results suggest that average cost and profit efficiency considerably varies across Europe. On average, UK and Belgium banks are found to be most efficient, while German and French banks score lowest performance. The evidence shows that traditional efficiency concepts yield biased information on the observed efficiency levels. It turns out that approaches based on common frontier efficiency scores tend to underestimate the productive efficiency and that performance measurement techniques based on country-specific efficiency frontiers lead to overestimated scores. By using a metafrontier model for European banking industries, we provide comparable efficiency scores based on decomposition results that correct for technological gaps between country-specific frontiers and those of the whole industry. On average, the efficiency levels from the meta-frontier model range between those obtained from the traditional approaches.
In the light of the results, given the large variations of efficiency across European banks, further market convergence and increased competition can be expected to take place in the European banking industry in the near future. However, as long as regional efficiency differences are prevailing in banking markets, it is crucial that comparative cross-border performance calculations employ a proper definition of the underlying banking technology that incorporates country-specific technology conditions. Berger, A. N., W. C. Hunter and S. G. Timme, (1993) "Efficiency of Financial 
